We present 850 µm imaging polarimetry data of the ρ Oph-A core taken with the Submillimeter Common-User Bolometer Array-2 (SCUBA-2) and its polarimeter (POL-2), as part of our ongoing survey project, BISTRO (Bfields In STar forming RegiOns). The polarization vectors are used to identify the orientation of the magnetic field projected on the plane of the sky at a resolution of 0.01 pc. We identify 10 subregions with distinct polarization fractions and angles in the 0.2 pc ρ Oph A core; some of them can be part of a coherent magnetic field structure in the ρ Oph region. The results are consistent with previous observations of the brightest regions of ρ Oph-A, where the degrees of polarization are at a level of a few percents, but our data reveal for the first time the magnetic field structures in the fainter regions surrounding the core where the degree of polarization is much higher (> 5%). A comparison with previous near-infrared polarimetric data shows that there are several magnetic field components which are consistent at near-infrared and submillimeter wavelengths. Using the Davis-Chandrasekhar-Fermi method, we also derive magnetic field strengths in several sub-core regions, which range from approximately 0.2 to 5 mG. We also find a correlation between the magnetic field orientations projected on the sky with the core centroid velocity components.
1. INTRODUCTION Stars form in dense and cold molecular clouds and it has long been considered that magnetic fields may play significant roles in various stages of star formation (e.g., Shu et al. 1987; Bergin & Tafalla 2007; McKee & Ostriker 2007; André et al. 2013) . Near-infrared linear polarimetry is one of the traditional methods of tracing magnetic field structure in order to measure the magnetic fields in denser regions than those traced by optical polarimetry, which are directly related to the star formation process (e.g., Davis & Greenstein 1951; Lazarian 2007) . The magnetic field has been successfully traced in dense regions of several molecular clouds (e.g., Wilking et al. 1979; Tamura et al. 1987 Tamura et al. , 1988 Tamura et al. , 2007 Kwon et al. 2010 Kwon et al. , 2011 Kwon et al. , 2015 Cashman & Clemens 2014; Santos et al. 2014; Ward-Thompson et al. 2017a ). Polarization at near-infrared wavelengths, however, relies on measurements of dust extinction from background stars and as such cannot trace well magnetic fields in denser substructures like filaments and cores within clouds. As these structures are directly linked to star formation, it is vital to measure their magnetic fields. Observations of dust polarization from thermal emission at far-infrared and (sub)millimeter wavelengths can trace these high column densities and probe how the magnetic field influences the star formation process (e.g., Tamura et al. 1999; Pattle et al. 2015; Ward-Thompson et al. 2017b ; see also Soler et al. 2016 ).
The ρ Ophiuchi (hereafter ρ Oph) dark cloud complex is one of the closest star-forming regions at a distance of approximately 120-165 pc (e.g., Chini 1981; de Geus et al. 1989; Knude & Hog 1998; Rebull et al. 2004; Loinard et al. 2008; Lombardi et al. 2008; Mamajek 2008; Snow et al. 2008; Ortiz-León et al. 2017) . It has also been widely studied (see Kwon et al. 2015; Wilking et al. 2008 , for a reference summary). It is a nearby region of clustered low-to intermediatemass star formation (e.g., Wilking et al. 2008 ) and is heavily influenced by the nearby Sco OB2 association (Vrba 1977; Loren 1989a,b; Kwon et al. 2015) . It was observed as part of the JCMT Gould Belt Legacy Survey (Ward-Thompson et al. 2007) , the Herschel Gould Belt Survey (André et al. 2010) , and the Spitzer Gould Belt Survey (Evans et al. 2009 ). In the main body of ρ Oph, detailed DCO + observations have identified several very dense, cold cores labeled A-F (Loren & Wootten 1986; Loren et al. 1990 ), and ρ Oph-A appears to be the warmest among these cores (Zeng et al. 1984) . The first submillimeter continuum observations of the ρ Oph-A core region were obtained by Ward-Thompson et al. (1989) . Many subcores in this region were identified (e.g., André et al. 2007 ; Motte et al. 1998 ), which will be described in Section 5. In this paper, we use the term "core" for the ρ Oph-A complex and the term "sub-core" for the smaller condensations within it.
Here we present new observations of the ρ Oph-A core in dust polarization from the James Clerk Maxwell Telescope (JCMT) as part of the B-fields In STar forming RegiOns (BISTRO) survey (Ward-Thompson et al. 2017a ). The JCMT magnetic field survey of the Gould Belt clouds is a large-scale project, which aims to map the submillimeter polarization of the dust thermal emission in the densest parts of all of the Gould Belt star forming regions. The combination of SCUBA-2 (Submillimeter Common-User Bolometer Array-2; Holland et al. 2013 ) and its polarimeter POL-2 (Bastien et al, in prep.) enables deep submillimeter polarimetry and is one of the most powerful instruments to reveal the magnetic field structure in star forming regions thanks to its high sensitivity and high resolution (Ward-Thompson et al. 2017a; Pattle et al. 2017) .
The paper is outlined as follows: In Section 2, we describe the submillimeter observations, and the SCUBA-2/POL-2 data reduction is described in Section 3. In Section 4, we present the results of the submillimeter imaging polarimetry. In Section 5, we discuss the magnetic field structure related to the star-forming activity in the ρ Oph-A core region. A summary is given in Section 6.
2. OBSERVATIONS Continuum observations of ρ Oph-A at 850 µm were made by inserting POL-2 into the optical path of SCUBA-2 between 2016 April 15 and 2016 April 24. The region was observed in 20 sets of 41-minute observations and among the 20 sets, 2 sets with bad quality data were excluded. Note that the BISTRO time was allocated to take place during Band 2 weather (0.05 < τ 225 GHz < 0.08). The observations were made using fully-sampled 12 ′ diameter circular regions with a resolution of 14.
′′ 1 using a version of the SCUBA-2 DAISY mapping mode (Holland et al. 2013 ) optimized for POL-2 observations. The POL-2 DAISY scan pattern produces a central 3 ′ diameter region of approximately even coverage, with noise increasing to the edge of the map. The mode has a scan speed of 8 ′′ /s, with a half-waveplate rotation speed of 2 Hz (Friberg et al. 2016) . Continuum polarimetric observations were simultaneously taken at 450 µm with a resolution of 9.6 ′′ . In this paper we discuss 850 µm data only.
3. DATA REDUCTION The 850 µm POL-2 data were reduced in a three-stage process using the pol2map routine (the version updated on 2017 May 27) in SMURF (Berry et al. 2005; Chapin et al. 2013 ), which we summarize here. POL-2 data reduction is described in detail by Bastien et al. (in prep.) . See also Ward-Thompson et al. 2017a for a brief summary.
In the first stage, the raw bolometer timestreams for each observation are converted into separate Stokes Q, U , and I timestreams using the process calcqu. An initial Stokes I map is created from the I timestream from each observation using the iterative map-making routine makemap. For each reduction, areas of astrophysical emission are defined using a signal-tonoise-based mask determined iteratively by makemap. Areas outside this masked region are set to zero until the final iteration of makemap (see Mairs et al. 2015 for a detailed description of the role of masking in SCUBA-2 data reduction). Each map is compared to the first map in the sequence to determine a set of relative pointing corrections. The individual I maps are coadded to produce an initial I map of the region.
In the second stage, an improved Stokes I map is created from the I timestreams of each observation using makemap. The initial I map (described above) is used to generate a fixed signal-to-noise-based mask for all iterations of makemap. The pointing corrections determined in Stage 1 are applied during the map-making process. In all cases, the polarized sky background is estimated by doing a Principal Component Analysis (PCA) of the I, Q, and U timestreams to identify components that are common to multiple bolometers. In the first stage, the 50 most correlated components are removed at each iteration. In the second stage 150 components are removed at each iteration, resulting in smaller changes in the map between iterations and lower noise in the final map. All of the individual improved I maps are co-added to form the final output I map.
In the third stage, the Stokes Q and U maps, and the final vector catalogue, are created. Individual Q and U maps are reduced separately using makemap, and are created from the timestreams created in Stage 1, using the same mask based on the initial Stokes I map as was used in Stage 2, and using the pointing offsets determined in Stage 1. Correction for instrumental polarization is performed, based on the final output I map. The sets of individual Q and U maps are then coadded to create final Q and U maps. The final coadded Stokes Q, U and I maps are used to create an output vector catalogue, which includes the coordinates (J2000.0), values of Stokes parameters, degrees of polarization (P ± δP ), and polarization position angles (θ ± δθ). Therefore, it uses exactly the same map-making procedure to create all three maps -Stokes Q, U , and I, and spatial frequencies present in the three maps are all in common.
The output Q, U and I maps are gridded to 4 ′′ pixels and are calibrated in mJy beam −1 using a flux conversion factor (FCF) of 725 Jy pW −1 (the standard SCUBA-2 850 µm FCF of 537 Jy pW −1 multiplied by a factor of 1.35 to account for additional losses from POL-2; cf. Dempsey et al. 2013; Friberg et al. 2016) . The output vectors are debiased using the mean of their Q and U variances to remove statistical biasing in regions of low signal-to-noise (see Equation 3 below).
The raw degree of polarization, P ′ , and the uncertainty in the degree of polarization, δP , can be calculated from the expressions:
and
Note that in the pipeline software (without debiasing; see below), P ′ I is first calculated from Q, δQ, U , and δU , then δP ′ is calculated from I, δI, Q, U , and δP I. The expression here is identical to the formula in the pipeline but tries to show the dependence on the errors of I, Q, and U . As mentioned, a bias exists that tends to increase the polarization percentage value, even when Stokes Q and U are consistent with a value of zero because polarization percentage is forced to be positive (Vaillancourt 2006) . To mitigate this problem, approximate de-biased values are calculated in the pipeline, assuming δQ ∼ δU , as follows:
and the degree of polarization P is derived from the polarized intensity P I as P = P I/I.
The polarization position angles, θ, and their errors, δθ, can then be calculated by the following relations:
• /π (6) The data reduction process described above derives the Stokes I map from the same POL-2 observations that are used to derive the Stokes Q and U maps. A consequence of this is that the FCF for the Stokes I, Q, and U maps are then all equal and so cancel out when calculating the fractional polarization. As a result, the I and the Q and U maps necessarily have exactly the same spatial scales. Earlier versions of the POL-2 pipeline software derived the Stokes I map from separate observations taken without POL-2 in the beam, resulting in the I map having a different FCF to the Stokes Q and U maps because of the attenuation caused by POL-2 and differences in the map-making procedure (cf. Friberg et al. 2016 ).
4. RESULTS 4.1. POL-2 Data Verification The BISTRO survey has recently begun to systematically investigate magnetic field structures in the dense cores using measurements of polarized dust emission, which is one of the most effective ways of probing the magnetic fields of such cores. Since POL-2 is newly commissioned, it is an important step to verify the consistency of our new data with those of previous studies. Therefore, we compare the POL-2 observations of ρ Oph-A with data from the SCUPOL polarimeter on the previous generation submillimeter bolometer array on the JCMT, SCUBA . Figure 1 shows the 850 µm intensity map (Stokes I) obtained using the JCMT with SCUBA-2/POL-2 with well known submillimeter and infrared sources labeled. The Stokes I image is consistent with previous deep submillimeter continuum images (e.g., Pattle et al. 2015) . Figure 2 shows a comparison between the SCUBA-2/POL-2 data and the previous polarization data from SCUPOL . Figure 2 , our data are deeper and more clearly provide the morphology of the surrounding regions in all of the Stokes I, Q, and U images, although two have the same spatial resolution. However, it should be noted that the SCUPOL data are binned to generate 10 ′′ polarization vectors 1 . To compare the best intensity morphology with that from the previous data, we first introduce the detailed submillimeter morphology of the ρ Oph-A core, and then present the polarimetric results. Figure 1 shows the morphology of ρ Oph-A from our 850 µm Stokes I emission map. The region contains several sub-cores, which we outline below:
Morphology of ρ Oph-A
Oph-A SM1 -Oph-A SM1 is a sub-core located toward the peak of the 850 µm intensity (Ward-Thompson et al. 1989 , also cf. Figure 1 ). It has the brightest submillimeter continuum in all of ρ Oph. The filamentary morphology in ρ Oph suggests that SM1 may be influenced by the B4 star Oph S1 (cf. Figure 1) , which is a nearby young B-type star. Motte et al. (1998) report that the total mass and dust temperature of Oph-A SM1 are 2 M ⊙ and T ≈ 20 K, respectively.
VLA 1623 -VLA 1623 is the prototypical Class 0 star (André et al. 1993) . It drives a large-scale bipolar molecular outflow (Dent et al. 1995; Yu & Chernin 1997) and is embedded within a nearly spherical dust envelope (André et al. 1993) . Bontemps & Andre (1997) found three emission clumps at centimeter wavelengths with the Very Large Array, which they interpreted as knots in the radio jet driving the large CO outflow (see also, Chen et al. 2013 ). However, the position angles of the radio jet and the CO outflow differ by approximately 30
• . Clump A was further resolved into two components at a high angular resolution (Chen et al. 2013) , with the Submillimeter Array (SMA). VLA 1623 is also binary system, with two components separated at high angular resolutions (Looney et al. 2000; Ward-Thompson et al. 2011) . Since the POL-2 resolution is approximately 14.
′′ 1 at 850 µm, we cannot separate these components and refer to them as a single source, VLA 1623 in this paper.
Other local structures -There are two filaments in the north part of the ρ Oph-A core. These structures are consistent with not only the results obtained with SCUBA on the JCMT (Wilson et al. 1999 ) but also those seen in the map made with SCUBA-2 (Pattle et al. 2015) and IRAM (Motte et al. 1998 ) results. In addition to the filaments, Wilson et al. (1999) reported that there are two arcs of emission in the direction of the northwest extension of the VLA 1623 outflow. The outer arc appears relatively smooth at 850 µm, while the inner arc breaks up into a number of individual clumps, some of which are known protostars.
New Submillimeter Polarization Vector Map
Polarized thermal emission from dust grains in clouds offers an ideal probe of the magnetic field structure on multiple scales, from protostellar disks to cores and clumps (e.g., Matthews et al. 2001; Crutcher et al. 2004) . Figure 3 shows our submillimeter polarization vector maps of the ρ Oph-A region, observed with SCUBA-2/POL-2. Since it is worthwhile to directly compare our data with the previous submillimeter polarization vector map, Figure 3 is prepared with the same criteria, I > 0, P/δP > 2, and δP < 4%, as were used in the previous results by SCUPOL (See Figure 44 of Matthews et al. 2009 ). The selection criteria here are mainly for the purpose of the comparison with the SCUPOL data; however, we have found this to be fairly reasonable to see the magnetic field structure in this region by changing various P/δP or δP selections. In addition, Figure 3 suggests the vector maps with both P/δP > 2 and P/δP > 3 are almost the same, if we use the additional criterion of δP < 4%. Without this δP criterion, the vector map with P/δP > 2 has many more vectors, but has RMS noise values of δP and δθ too high to allow interpretation of the magnetic field behavior. Therefore, we use the criteria of I > 0, P/δP > 2, and δP < 4% in the following discussion to maximize the number of polarization vectors that can be used for our discussion below on the magnetic field directions. The angle errors (δθ) of approximately 15
• in the 2σ case are acceptable for such discussions. Therefore, we show both 2σ and Figure 1 . Stokes I image (linear scale) of the ρ Oph-A field centered on Oph-A1 (Motte et al. 1998 ) obtained using JCMT with SCUBA-2/POL-2. Notable sources and features in this region are labeled. The spatial resolution is 14.
′′ 1 or approximately 0.01 pc assuming a distance to the Oph cloud of 140 pc. The white crosses indicate the positions of the starless condensations identified by Motte et al. (1998) in the dust continuum at 1.2 mm (corresponding to the red dashed rectangle region in this figure), the yellow circles indicate the position of young embedded stars, and the black star indicates the position of VLA 1623. The cyan dashed circles indicate Oph-A2 and Oph-A3, respectively, defined by Motte et al. (1998) . The contour levels are arbitrarily chosen to emphasize the Oph-A core and their keys are shown in mJy beam −1 unit.
3σ cases in several figures and use 2σ data for the discussion on magnetic field directions. Our data are more sensitive than those obtained by SCUPOL as shown in Section 4.1. The new submillimeter polarization vectors inside the dense regions agree well with the results by Matthews et al. (2009) , especially in the bright region near SM1. The dominant submillimeter polarization position angle in the bright region is approximately 130
• (as discussed in the following section). We have also checked if our new data are consistent with the JCMT 800 µm aperture polarimetric data of Holland et al. (1996) . The measured positions are not exactly the same, but both P and θ values are consistent with each other between the two studies.
Note that there are clear inconsistencies between SCUBA-2/POL-2 and SCUPOL data in the outer parts of the Oph-A core region. To the south-east and south of the core, SCUPOL data show more numerous polarization vectors even at a very low intensity level while to the north-west and north-east, SCUBA-2/POL-2 data reveal more vectors. Since our data have a higher S/N ratio, as shown in Figure 2 , we believe that our SCUBA-2/POL-2 data are more reliable in the faint outer regions, down to approximately 30 mJy beam −1 , while care is necessary when using the SCUPOL vectors in the outer regions. The reason why the SCUPOL data have more vectors in some outer core regions is not clear. However, we note that the SCUPOL maps were made by chopping, while POL-2 in a scanning mode. Therefore, the chopping effect cannot be excluded in the SCUPOL data, which were taken at different times by different observers.
Based on the robustness toward the fainter regions mentioned above, our data clearly show the polarizations in the fainter regions surrounding the core and the degrees of polarization are much higher (> 5%) in the outer envelope. This trend is clear in our polarization map whose vector length is proportional to the degree of polarization (see also Figure 7 ). and 455 Jy beam −1 Volt −1 (see Matthews et al. 2009 ). Note that the SCUPOL data are binned to generate 10 ′′ vectors. The grey scale ranges in SCUBA-2/POL-2 and SCUPOL are different so that fainter regions in Q and U images are clearly seen in each image. Figure 4 shows the degree of polarization errors (δP ) versus the inverse intensity (I −1 ); the polarization uncertainty increases steadily with decreasing intensity. For δP > 4%, we see significant scatter in this relation, whereas the data with δP < 4% are fairly well correlated. There are five vectors with δP < 4% that show substantial scatter from the main trend and are labeled on Figure 4 (cf. Table 1 ). Aside from these five cases, vectors with δP < 4% appear to be robust. All five anomalous positions (ID: 164, 237, 238, 239, 240) are located near the map boundary where the noise levels are higher. Vector 164 is located in the east of Oph-A, and vector 237 is located between the north-west filamentary structure and GSS 26 and vectors, 238, 239 and 240, are located in the upper part of the north-east filamentary structure. Note that including these five vectors does not affect our results. Figure 4 also shows that our polarization data present a large scatter when the intensity levels are less than approximately 30 mJy beam −1 , which corresponds to N (H 2 ) ∼ 4 × 10 21 cm −2 assuming a temperature of 10 K (Kauffmann 2007) . ′′ grid (3×3 pixel smoothing) and plotted where I > 0, P/δP > 2, and δP < 4% (dotted vectors) and I > 0, P/δP > 3, and δP < 4% (solid vectors), respectively. Table 1 ). These five sources are located in outer regions of the Oph-A core region where the noise levels are higher. (a) Grey circles: I > 0, P/δP > 2. Black circles: I > 0, P/δP > 3. (b) Grey circles: I > 0, P/δP > 2, and δP < 4%. Black circles: I > 0, P/δP > 3, and δP < 4%.
Experimental Criteria

DISCUSSION
Magnetic fields in star formation are significant as they can influence core collapse, star formation rates, and molecular cloud lifetimes (e.g., Myers & Goodman 1988; Hartmann et al. 2001; Elmegreen 2000) . We use our polarization data to determine the magnetic field strength in ρ Oph-A below.
Magnetic Field Structures in ρ Oph-A
The ρ Oph molecular cloud has been observed with 1.3 mm continuum mapping (Motte et al. 1998 ) and line mapping (Umemoto et al. 1999 , see also White et al. 2015) , and the ρ Oph-A core region is one of the most obvious sources. Matthews et al. (2009) presented a bulk analysis of SCUPOL 850 µm polarization vector maps, which include the ρ Oph-A core. The submillimeter polarization position angle is about 130
• in average (measured east of north), which indicates a magnetic field direction of approximately 40
• (by rotating the submillimeter polarization vectors by 90
• ). This angle is consistent with the well-known 50
• component determined via infrared polarimetry observations Kwon et al. 2015) . Therefore, the magnetic field seems largely consistent between the outer low-density cloud and the high density cores.
To investigate magnetic field structures in this region in more detail, we use the POL-2 polarization vectors rotated by 90
• , as shown in Figure 5 . Figure 6 shows the inferred morphology of the magnetic field in the ρ Oph-A core region. In this figure, vector maps are shown in two ways; one selected with the polarization signal-to-noise ratio (P/δP > 2 or 3) and the other selected with the intensity signal-to-noise ratio (I/δI > 20). The latter intensity-selection is shown because selecting by S/N in P will tend to bias the polarization data sample to high P values (especially towards regions of low intensity), so a comparison with a sample selected by I/δI is made to show that without this bias the polarization fraction is still larger on average for cloud sightlines in the envelope. Figure 7 demonstrates that this correlation is robust, as seen also from the negative correlation between the degrees of polarization and intensities in both of the P and I selection data. We find that P ∝ I γ where γ ∼ −0.8 for the P selection to −0.7 for the I selection. Note that there is a larger dispersion at the low-intensity regions in the I selection because not only high P data but also several low P data exist in the I selection. This trend might be due to a combination of several factors such grain alignment and magnetic field geometry. A detailed discussion will be presented elsewhere.
We have found by eye that there are at least 10 distinct magnetic field components in the core region, and we refer to them as "Components a-j" (see Figure 8 ). Please note that our division of these components does not mean that these field component are always independent but all or some of them could be smoothly connected with eath other. The aim of the region division here is mainly to identify the change of directions and degrees of the polarization vectors and to compare them with the near-infrared polarization data. A summary of these components is as follows:
(a) Small P (< 3%) and ∼50
• component at SM 1 and VLA 1623 around the center of the observed field-ofview, (b) Large P and ∼40
• component near A-MM 7 to the east of A-MM 5, (c) Large P and ∼20
• component near A-MM 5, (d) Large P and ∼100
• component at A-MM 4, (e) Small P (< 3%) and ∼100
• component between A-MM 5 and SM 1N, (f) Large P and ∼80
• component to the west of SM 1, (g) Large P and ∼70
• component to the east of SM 1 and SM 1N, (h) Large P and ∼80
• component at A-MM 3, (i) Small P (< 3%) and ∼80
• component between SM 2 and A-MM 8, (j) Large P and ∼120
• component between SM 2 and A-MM 8. Figure 8 illustrates that these components differ from each other either in polarization position angle or degree of polarization (see also Table 2 ). Components a, c, and i are already seen in, and are consistent with, SCUPOL data (Tamura 1999) . Components b, d, e, f, g, h, and j are additionally identified in our SCUBA-2/POL-2 data. One can also see the polarization vectors associated with the Components b, d, e, g, and j in Matthews et al. (2009) . We also note that our results suggest the magnetic field is mostly well organized (rather than disordered due to turbulence; see Section 5.2).
In the central region around SM 1 (Component a), the vectors are well aligned with the 50
• magnetic field component observed in the surrounding medium on various scales (see Section 5.4). Although the average direction of the main component is approximately 50
• , the magnetic field tends to be locally perpendicular (approximately 100
• -110 • ) to the arc-structure (south part of Region f). Between SM 1N and A-MM 6, the magnetic field direction is almost east-west (Component e) • with near-infrared polarization vectors (cyan dotted vectors) from Kwon et al. (2015) . These vectors therefore show the inferred magnetic field orientation projected on the plane of the sky. Scale vectors of 5% at submillimeter and near-infrared wavelengths are shown in the bottom left corner.
while the arc extends to the north-east or north-west, and the magnetic field directions extend toward LFAM1 and GSS 30-1 (Component f). A perpendicular field relative to the core shape (i.e., the elongation of the arc-structure between north-east and north-west filaments) is important for the formation and growth of this core. Such orthogonal fields are often seen in the densest parts of the cloud or cloud cores (Tamura et al. 1987 Nagai et al. 1998; Palmeirim et al. 2013; Matthews et al. 2014; Fissel et al. 2016; André et al. 2013; Planck Collaboration et al. 2016) .
There are other local structures besides the 50 • component. To the north of A-MM6 (Component c), the magnetic field direction is almost north-south, and to the north of A-MM7, the magnetic field direction is almost north-east (Component b), which is the same as the direction of the north-east filament. Notable are the low degree of polarization near SM 1N and some deviation in magnetic field direction near VLA 1623 and its outflow region.
In this paper, we have assumed that the 850 µm emission measured by SCUBA-2 is dominated by the thermal dust continuum emission. However, the continuum emission can be contaminated by CO (3-2) line emission (Drabek et al. 2012) . Figure 9 shows an overlay of the CO (3-2) line emission from White et al. (2015) on the 850 µm continuum map. In the dense center of Oph-A, the CO contamination fraction is typically < 1%. However, in the brightest regions of CO emission from the outfow from VLA 1623, the contamination fraction can be much higher (Pattle et al. 2015) . The regions that have high CO contamination have very low column density values, and are mostly along the jet axis between Oph-B and Oph-C/E/F, out- • rotated vectors, which show the inferred magnetic field orientation projected on the plane of the sky, are plotted where I > 0, P/δP > 2, and δP < 4% (dotted vectors) and I > 0, P/δP > 3, and δP < 4% (solid vectors) in the top panel and where I > 0 and I/δI > 20 in the bottom panel, respectively. A 10% scale vector is shown in the upper right corner. See text for these two panels with different selections (P/δP and I/δI).
side our field of view. In the dense center of Oph-A, the fractional contribution of CO is < 1% and generally does not exceed 10% anywhere on source. The ring-shaped region seen in our Stokes I image to the west of Oph-A is dominated by the CO emission rather than the thermal dust emission. Since the CO emission is weak toward the bright dust emission (< 5%), even if it is polarized by the Goldreich-Kylafis effect, it will contribute minimally to our results.
Local Magnetic Field Strength
Polarization arising from dust grains, which are aligned with their major axes perpendicular to the magnetic field (e.g., Hoang & Lazarian 2009 ), allows us to estimate the magnetic field direction. However, the present uncertainties in theories of dust grain alignment limit the ability with current techniques to trace magnetic fields without ambiguities (see Lazarian 2007; Lazarian et al. 2015 , for a review).
The most common method to infer a magnetic field strength from polarized dust emission is the Davis-ChandrasekharFermi method (more commonly referred as the ChandrasekharFermi (CF) see also Houde et al. 2016 and Pattle et al. 2017) . The DavisChandrasekhar-Fermi method infers a magnetic field strength by statistically comparing the dispersion in the polarization orientation with the dispersion in velocity. Therefore, the magnetic field strength projected on the plane of the sky can be calculated by
assuming that velocity perturbations are isotropic (Ostriker et al. 2001) . In Equation (7), Q is a factor to account for various averaging effects (see Houde 2004 and Crutcher et al. 2004 for details), ρ is the mean density of the cloud, δv los is the rms line-of-sight velocity, and δθ is the dispersion in the polarization angle. To estimate a magnetic field strength in the ρ Oph-A core region, a correction factor of Q =0.5 is adopted here because the magnetic field appears to be ordered (Ostriker et al. 2001; Houde 2004 , also see Falceta-Gonçalves et al. 2008 Novak et al. 2009; Pattle et al. 2017 ). Since we apply this formula only to the sub-regions where the angle dispersion is relatively small (≤ 25 • ) and the velocity dispersion of the molecular lines tracing high density regions is available in the next paragraph, Q = 0.5 is appropriate, as simulated by Ostriker et al. (2001) . Note that if the turbulence correlation length is not resolved and therefore their simulation assumption is not valid, the case the Q factor can be much lower (Heitsch et al. 2001 , see also Houde et al. 2009 ). Then Equation (7) can be expressed as follows (Lai et al. 2002) : Here, n H2 is the number density of hydrogen molecules and ∆v is the line width. As mentioned in previous section, there are several magnetic field components in the ρ Oph-A core region. Since they are different from each other either in direction or degree of polarization, we estimate the magnetic field strength of each component separately. To investigate their magnetic field strengths individually, we estimated median polarization position angles, which indicate the local average magnetic field directions of each component. Table 2 shows the median degrees of polarizations and position angles calculated using Stokes Q and U in each region. Figure 8 shows the vectors in each region averaged over in each region.
The local average density in each of the Components a-j is calculated from our Stokes I data, assuming that the core-depth is equal to the geometric mean size of each sub-core where the polarization data exist, and ranges from 2×10 6 cm −3 to 7×10 4 cm −3 . Since the ρ Oph-A core has a complex magnetic field structure showing various directions in each sub-core, we do not attempt to apply to the Davis-Chandrasekhar-Fermi method to the entire core but only to the sub-cores showing a relatively well-defined magnetic field direction. In Components a, d and e, André et al. (2007) estimated a velocity dispersion of 0.26 km s −1 , 0.15 km s −1 , and 0.17 km s −1 , respectively. These are non-thermal line dispersions from N 2 H + (1-0) observations. Using these values with the standard deviation in field direction of 1.5
• , 5.8
• , and 2.7
• found in each region, the magnetic field strength projected on the plane of the sky is calculated as Bp ∼ 5, 0.2, and 0.8 mG (cf. Table 2 ). The estimated magnetic field strength in the ρ Oph-A core region is larger than that in other molecular clouds derived using the Davis- Kwon et al. 2010 Kwon et al. , 2011 Sugitani et al. 2011; Kusune et al. 2015 ) but comparable to those in the Orion A region (see e.g., Pattle et al. 2017 ). Our high magnetic field strengths may be attributed to using the higher H 2 densities associated with the sub-cores rather than the lower H 2 densities associated with the larger ρ Oph-A core. Thus, we conservatively take these field strengths as an orderof-magnitude estimate. These values are still representative of the field strength toward the sub-cores in ρ Oph-A and can be taken as an upper limit for the surrounding gas.
Finally, it should be noted that there are certain limitations in the Davis-Chandrasekhar-Fermi technique such as the effect of the limited telescope resolution (Heitsch et al. 2001) . Also note that our estimates are only for some sub-regions where the field dispersions are relatively small. Therefore, both of these effects tend to bias towards a high magnetic field strength. In addition, more sophisticated applications of the Davis-ChandrasekharFermi technique such as described in Pattle et al. (2017) or Hildebrand et al. (2009) would be desirable in future works.
Magnetic Fields and Centroid Velocity
Our polarimetric data will be useful to discuss the correlation between the magnetic field and the velocity field in each core. However, this will be beyond the scope of this first-look paper. Therefore, in this section, we show an example of a possible correlation between magnetic field and velocity gradient.
Strong Alfvénic turbulence develops eddy-like motions perpendicular to the local magnetic field direction (Goldreich & Sridhar 1995) . Very recently, González-Casanova & Lazarian (2017) have proposed that this fact can be used to study the direction of magnetic fields by using the velocity gradient calculated from the centroid velocity. The centroid velocity is an + (1-0) integrated intensity maps. Our suggested centroid velocity gradient is shown by black arrows, which are not in the original figure (André et al. 2007 ). Shown in the upper left is the 10% scale vector for the 90
• -rotated submillimeter polarization vectors. The letters a-j are the magnetic field components defined from our submillimeter polarimetry (see text). Crosses mark the 1.2 mm continuum positions of starless condensations, while stars mark the positions of VLA 1623 (see André et al. 2007 ). The labels a-j indicate the distinct magnetic field components in each sub-region a-j. intensity-weighted average velocity along the line of sight (e.g., Miesch et al. 1999) . Here, we try to compare the magnetic field direction in the ρ Oph-A core region with centroid velocity components. André et al. (2007) measured subsonic or transonic levels of internal turbulence within the condensations, and their result supports the view that most of the L1688 starless condensations are gravitationally bound and prestellar in nature. Figure  10 shows a comparison between magnetic field direction (this work) and centroid velocity components of N 2 H + (1-0) spectra (André et al. 2007 ). The apparent main velocity core gradient (indicated by arrows in Figure 10 ) appears to be roughly perpendicular to the magnetic field orientation traced by POL-2. Certainly these observations should be compared with theoretical modeling using the physical parameters of the ρ Oph-A core in future.
Tracing magnetic fields across different wavelengths
Polarimetry in the ρ Oph-A core region was reported previously by several authors at other wavelengths. Sato et al. (1988) Figure 11 . Histogram of polarization position angles for the 90
• -rotated submillimeter vectors with I > 0, P/δP > 2, and δP < 4% (black). Black line: 90
• rotated submillimeter polarization vectors (this work). Note that a 10
• bin is used. Red dotted line: H-band polarization position angles (Kwon et al. 2015) . Black arrows indicate the magnetic field components from the submillimeter data. The labels a-j indicate the average magnetic field direction of the distinct magnetic field components a-j projected on the plane of the sky. Yellow colored regions indicate the major magnetic field directions suggested from the previous near-infrared data.
carried out near-infrared polarimetry (in the K band only) of 20 sources which are embedded within the densest region of the ρ Oph dark cloud with a single channel detector, and they suggested that there are three dominant components of the polarization position angles 0
• , 50
• , and 150
• . Recently, Kwon et al. (2015) presented wide and deep near-infrared polarimetry (in the JHK s bands) of the ρ Oph regions, which corresponds to the densest part of L1688. Since they cover a wider region than our observations (but much more sparsely due to the limited number of stars available for the aperture polarimetry), we compare their polarimetry data covering a 40 ′ × 40 ′ region with our submillimeter data. In this active cluster-forming region, they found that the magnetic fields appear to be connected from core to core, rather than as a simple overlap of the different cloud core components. Putting it differently, the magnetic field morphology seems to be connected between different cores in the ρ Oph molecular cloud complex. In addition, comparing their near-infrared polarimetric results with the large-scale magnetic field structures obtained from previous optical polarimetric study (Vrba et al. 1976) , they suggested that the magnetic field structures in the ρ Oph core were distorted by the cluster formation in this region, which may have been induced by shock compression due to wind/radiation from the ScorpiusCentaurus association. Also note that there is 350 µm submillimeter polarization from the CSO in Dotson et al. (2010) for ρ Oph-A. Their data are broadly consistent with our 850 µm map.
Our new submillimeter polarimetry demonstrates that one of the main polarization position angles in Oph-A are approximately 50
• (see Figures 3-10) , and so are well aligned with the 50
• magnetic field found in the near-infrared (Kwon et al. 2015 ; see also Figure 5 for their comparison within the same field-of-view). Kwon et al. (2015) found that the "50 • component" is the dominant magnetic field component in the observed region; it can be seen as a distinct clump in the diagram plotting degree of polarization versus polarization angle ( Figure 9 of Kwon et al. 2015) and in the histogram of polarization position angles (Figure 10 of Kwon et al. 2015) . This component is seen in the northeast regions of ρ Oph-A (and in ρ Oph-B and ρ Oph-E in a large scale, regions not covered in this work). The "0
• component" can be seen from ρ Oph-A toward ρ Oph-AC (located at the southeastern region of ρ Oph-A, which is not shown in our submillimeter map; cf. Kwon et al. 2015) . In contrast, in Oph-A, both the 0
• and the 50 • components exist. Figure 11 shows the histogram of polarization position angles for the 90
• rotated submillimeter polarization vectors as well as for the H-band polarization position angles from Kwon et al. (2015) . The distribution is relatively widespread, but if we refer to both the H-band polarization vector map (Figure 8 of Kwon et al. 2015) and this histogram, we see several components, of which the components at 0
• and 50
• are most clearly seen. As shown in Figure 11 , the distribution of the polarization position angles obtained from submillimeter polarimetry is in relatively good agreement with those obtained from nearinfrared polarimetry for the 0
• components but not for the 150
• component. Note that since our submillimeter map covers a small part of the area covered by the near-infrared polarimetry survey and we see much higher-column-density regions of ρ Oph-A, there is also some inconsistency between the distributions of submillimeter and near-infrared polarization angles. Therefore, our results indicate that both submillimeter emission polarization and near-infrared dichroic polarization may trace the magnetic field structures associated with the ρ Oph-A core region at different spatial scales and at different region along the line-of-sight.
Previous observations have shown agreement between the magnetic field structures seen at various wavelengths such as near-and far-infrared, or submillimeter wavelengths (e.g., Tamura et al. 1996 Tamura et al. , 2007 Kandori et al. 2007; Kwon et al. 2011) . Our new results are consistent with this behavior, although the greatest density regions can be traced only by submillimeter polarimetry. The 50
• component seen in the lowerdensity regions of the submillimeter map around the edge of the core (the north-east filament, cf. Figure 1) is consistent with the 50
• component seen in the lower-density tracer of near-infrared polarization (Kwon et al. 2015) , giving us still further confidence in our observations. Our data are also consistent with the recently released HAWC+ data taken by SOFIA (Santos et al. 2018) . A combination of polarimetric observations over wavelengths and scales observed by instruments such as ALMA and by 8-m class optical/infrared telescopes will become more important in the future, to test the range of scales over which this behavior holds.
6. SUMMARY In this paper, we present the first-look analysis for the ρ Oph-A SCUBA-2/POL-2 continuum map observed by the JCMT Gould Belt polarization survey at 850 µm. The ρ Oph molecular cloud complex is one of the nearest laboratories for examining active star-formation sites, offering a wealth of objects to aid in a better understanding of the dominant physical processes present in the region. The SCUBA-2/POL-2 polarimeter is a very powerful instrument to trace the magnetic eld structure in star forming regions such as the Oph molecular cloud complex. The main results are as follows.
1. We have identified at least 10 magnetic field components in the ρ Oph-A core region, whose position angles and degrees of polarization are distinct from each other. However, some of them can be part of a coherent structure. Our polarimetric results are not only consistent with previous results in the bright core regions, but also reveal the fields in the outer regions for the first time. These components represent the magnetic fields of the sub-cores identified as local continuum intensity peaks or distinct velocity structures within the Oph-A core; they show a large variation even within the small (approximately 0.2 pc) region observed.
2. The dominant component of the magnetic field over ρ Oph-A is the 50 • component. This direction is consistent with that inferred from the near-infrared polarimetry of the ρ Oph cloud core.
Although the average direction of the main component is approximately 50
• -110 • ) to the arc-structure. Between SM 1N and A-MM 6, the field direction is almost east-west, while the arc extends to the north-east or north-west, and the field direction extends toward LFAM 1 and GSS 30-1. The perpendicularity between the core shape and the magnetic field direction may be important in understanding the origin and formation of this core. Such perpendicularity is often seen in the densest parts of clouds and cloud cores.
There are local structures besides the 50
• component. To the north of A-MM 6, the field direction is almost northsouth, and to the north of A-MM 7, the field direction is almost north-east, which is the same of the direction of the north-east filament. Notable are the low degree of polarization near SM 1N and some deviation in field direction near VLA 1623 and its outflow region.
5. Using the Davis-Chandrasekhar-Fermi method, we roughly estimate the strengths of the magnetic field projected on the plane of the sky in several sub-core regions to be up to a few mG.
6. We have found that the main large-scale core velocity gradient is approximately perpendicular to the inferred cloud magnetic field orientation.
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